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THE CATALOGUE OF REFLECTION NEBULAE

-D.A. Rozhkovskiy and A.V. Kurchakov
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ABSTRACT. The Catalogue includes 118 reflecting nebulae,
for which values of the flux and dimensions are determined.
The data about 'illuminating stars include the star magnitudes
and spectral classes. On the basis of the observational mater-
ial some correlations, such as correlation between the brightness L
of the illuminating star m and the flux from the nebula H _, ?
correlation between HT areosop the nebulae, were investigaged.

A discussion of observed correlations was made. It is
shown that for all the totality of objects they can approxi-
mate the spherical nebulae. Assuming that the middle size
of a cloud is RO = 1.5 pc, we get HTg = 0.36 for the cloud

and ut = 0.18 for the nebula, the albedo of the particles is
u > 0.5.
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In the annotations to the Catalogue the structure of L g
nebulae and their connection with surrounding stars are con- I §
sidered. It is moted that a great deal of reflecting nebulae %
are connected with dark clouds. Apparently some part of these §
nebulae are not accidentally connected with star clusters, T i

. Tauri stars, flash stars. A row of distributions in dependence L
. on brightness of the nebula, spectral classes of illuminating g
stars, their distribution on the Galaxy longitude and latitude !
is dinvestigated. It is noted that the majority of nebulae i

are the members of groups or associations of strom from group-
ings or complexes. (A69-39722)

g
A catalogue of reflection nebulae was compiled on the basis of material ac-  %/3 ; E
quired in 1963-1966 with the 500-millimeter (F = 1,200 mm) Maksutov-system E

meniscus telescope (on Astro Special plates). Other catalogues [1, 2] and the
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charts of the Palomar Atlas were used to identify the nebulae with previously

% ,
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known objects. This inspection resulted in selection of 120 nebulae. Most of
them, to judge from the Palomar Atlas charts, have the type C spectra of reflec-
tion nebulae. With rare exceptions, however, the spectral characteristics of
the nebulae are unknown to us. For this reason, we class objects that are dis-—
tinctly visible on photographs taken in blue light, but are invisible or very -

faint in red light, as type C nebulae. Some of the nebulae with C + E spectra

have also been included in the list for observations — namely, those which, des-

pite the fact that they are distinctly visible in red light, are brighter in

-blue light or have larger photographic dimensions.

Observational Method and Instruments

One of the basic observational characteristics of reflection nebulae is a
quantity that characterizes the ratio of the total flux from the nebula or the

brightness at a given point on the nebula to the flux from the star illuminat-

ing the nebula. ~We shall henceforth refer to the star responsible for the lumi-

nosity of the nebula as the nucleus. Extrafocal photographs of the nucleﬁs are
used very frequently in observations of nebulae to standardize surface bright-
ness or flux. However, this method has a number of shortcomings, especially
when many photographs must be processed. To avoid the additional work needed
to determine the transparency coefficient, it is necessary to observe the same
object twice at the same zenith distance. This results in highly inefficient
use of time. When the nuclei are faint, it is necessary to throw the image
slightly out of focus so that it can be photometered. Photometry of slightly
out-of-focus star images is burdened by large errors. It is necessary to know
the magnitudes of the nuclei in order to bring out the various types of statis-
tical relationships, and this, in turn, requires yet another set of observa-
tions. TFor these reasons, the observational program was broken down into two

parts: observation of the nebulae and observation of the nuclei.

Standardization and Calibration

Star clusters with known magnitudes in the UBV system were selected for

the acquisition of standardized photographic images. The simplest way to
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standardize areal objects is to use extrafocal star photographs. As has been

shown by D.A. Rozhkovskiy [3], the best results can be obtained if the entrance

aperture of the telescope is stopped down to 1:10 when the extrafocal star

images‘are phstographed{ The resulting extrafocal images are quite homogeneous.
The stop that we use is a black disk with four holes 120 mm in diameter. The
‘stop was mounted directly in front of the telescope's meniscus lens. For most
nebulae, the standardization photographs were obtained with extrafocal star
images 0.3 - 0.4 mm in diameter. The negatives were calibrated with a tubular
photometer illuminated by the night sky. In view of the considerable gradation
of illumination from hole to hole, a series of impressions with slightly differ~

ing exposure times was made.

The nuclei of the nebulae were photographed in focus. The nuclei were
standardized and calibrated against the focal photographs of the clusters. To
avoid extremely short exposures in photographing the nuclei and the standard
area, the telescope was stopped down to 1:10. This improved the quality of the
in-focus stsr images without affecting fhe color characteristic of the star-

magnitude system. '

Observational Material

The basic observational material was acquired in 1963-1966. The exposure
time limit for photographyof the nebulae depended on the skyglow and amounted

to 14 minutes; that for the nuclei was three minutes.
The nebulae and nuclei were photographed at the same altitude as the stand-
ard corresponding to them. One or two negatives and no fewer than two photo-

graphs for determination of nucleus magnitude were obtained for each nebula.

Photometric Processing of Observational Materials
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The negatives were processed on an MF-4 microphotometer. The object of
processing was to determine the integral brightness of the nebulae and nuclei.

Using the results from measurement of the flashes from the tubular photometer,
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we plot curves for each series of impressions with magnitude and blackening
(density) as coordinates. The curves are then parallel-shifted along the stellar
magnitude axis to obtain the best congruence of the curves of all series, and the
final calibration curve is drawn. This curve is then used to determine

En + E + Eau in relative units; i.e., the illumination En produced on the plate

b

by the nebula weighted by the skyglow E_ and the illumination Eau from the /5

b
aureole. Since we have data on the blackening due to the skyglow, we find E

from the same calibration curve. The illumination Eau arises owing to scattZr-
ing of starlight in the photogrgphic emulsion. The problem of correcting for
the aureole is examined in detail in [4]. Here we shall dwell only briefly on
this problem. A series of auxiliary stars slightly brighter and fainter than
the nucleus is selected on the focal photographs of the nebula outside the
latter's limits. The photographic density of the aureole around each star is
measured at various distances r from the star. Next Eau(r) is determined. Then
the brightnésses E* of the nucleus and auxiliary stars are determined from ex-
trafocal or short-exposure focal photographs. A sufficiently complete set of
‘Eau(r) = f(E,) curves is obtained in this manner. From it, the similar curve
for the nucleus is obtained by interpolation. Correction for the aureole repre-

sents no difficulty after these operations have been completed.

Without dwelling on the various data~reduction details, we feel that it is
.hécessary to illuminate certainvproblems of photometry technique. To obtain the
integral brightness of the nebula, it is necessary to measure it at many points
and refer to the calibration curve to convert each density value obtained into
an illumination. This procedure requires a great deal of time. In certain
kcases, the process of reducing the observations can be accelerated substantially
by use of instrumental accessories. In photometry of spherically symmetrical
nebulae, it is convenient to impart a precise rotational motion to the photo-
graphic plate. An appropriate turntable was mounted on the stage of the MF-4
microphotometer at the position usually occupied by the negative to be photo~
metered. A round disk with a central aperture;was rigidly secured to the inner
race of a ball bearing between microscope objecfives and can either be turned at
high speedlto obtain the average brightness distribution along the disk of the

nebula or indexed through 1/60 of a revolution., We turned the disk rapidly to
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determine the integral brightnesses of spherical nebulae. The integral flux
can be found easily from simple formulas once the average brightness distribu-

tion along the disk has been secured.

A "Floks" scaler was used to determine the integral brightnesses of large

nebulae with irregular shapes.

Let us -examine the calibration curve in density~illumination coordinates
(Figure 1). Let us set Eb’ which corresponds to the background density due to
the skyglow, equal to unity. We then find Em, which corresponds to the maximum
density of the negatives photometered. In the interval {Eb, Em], we divide the
E-axis dinto n equal parts, thus breaking up the D-axis into n unequal parts.

We place a rigid black styip S on the D-axis and prick small holes into the strip

at the points where the ordinates cross the D-axis. We see from Figure 1 that if ,

we count from D, , a certain number of holes i will correspond to a density Di'

b
The illumination Ei’ now free of skyglow, is calculated from the simple formula.

Ei = (i - 1) AE.

Further, let the density Di be characterized by the deflection angle a of
a galvanometer mirror or by the deflection of the beam on the screen of an os-
cillograph. We place the black strip between the observer and the galvanometer
mirror in»such‘a way that the light spot from the mirror will strike the first
hole‘ét demsity D . If we then begin to measure the density Di’ the galvanometer

b
mirror will turn through an angle a. As it turns, the flying spot will move down

the black strip, from time to time falling onto the holes. The observer will see

a series of flashes. The number of these flashes determines the unknown Ei by
the formula
Ei = (1 = 1) AE.
Under real conditions, a photomultiplier occupies the position of the ob-
server, and a pulse at its output will correspond to each flash. Any pulse
counter, for example, the "Floks", can be connected to count the pulses. The

""Floks' has another advantage in that it can add pulses. This means that the
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) . L value of the flux appears on the
display of the "Floks" counter

when photometry has been complet~
ed. The system described above

has a number of design shortcomings.
So that the photomultiplier will be
able to '"see'" all of the holes, it

must be mounted at a considerable

3-—.*-»-...—--._-..'._.._.v._a-—-.

distance from them. The flashes
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may then not be bright enough to
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scheme should work quite reliably

with a sensitive photomultiplier and

Figure 1 an amplifier.

We use a different design in which the light source is stationary and the
strip S moves in front of it. An EPP-09 potentiometer is used for this purpose.
The punched strip is mounted on the potentiometer's moving carrier. A lamp is
mounted in a stationary position inside the case of the potentiometer, and the
photomultiplier on the outside. Obviously, photometry must consist in reading
the background before each measurement at a given point on the negative. This
procedure is awkward in practice, since it requires shifting the negative back
and forth on the photometer between the background and the point being photo-
metered for each measurement. Photometry is greatly simplified by taking a
dark reading, i.e., simply ciosing the micfophotometer shutter, for each dens-

ity measurement. Then the entire working procedure will be as follows:

(1) Using the EPP-09 as a recording instrument, we measure the flash

from the tubular photometer.

(2) We measure the background and the hiéhest density on the negative.
' Here we obtain certain readings 1, and 1_, expressed in millimeters,
0 m

on the potentiometer scale.




(3) We construct a calibration curve in E, D-axes, setting Eb = 1

(Figure 1).
k(é) We apply the rigid opaque strip to the D-axis.
(5) We divide the E-axis into n equal parts on the interval [EO, Em].
The number n depends on the number of holes that can be pricked in

the strip, with the condition that the light source illuminate no

more than one hole at a time. In our measurements, n was 20,

(6) We set the EPP-09 potentiometer carrier to position lm’ which corre-
sponds to the maximum—density reading. We then secure scale S to the
carrier to the left of the light source in such a way that the hole
corresponding to Db‘will be opposite the lamp.

After all of these operations, we can proceed to the actual photometery.

" The illumination Ei is comppted by the formula Ei =n (n - 1)AE. The number i

is registered with the "Floks", and n is given for a given calibration and

equals the number of holes in the strip. The formula for determination of the

nebula's integral brightness is easily derived:
H =ASX (n — i) AE=ASNnAE — ASAEZ,, , (1)

where N is the number of points measured, I, is put out on the "Floks" display
as the result of all measurements, and AS is the unit area defined by the unit
. shift of the negative during photometry.

Accuracy of Results

Nonconformity of our color system Qf magnitudes to the B-system may.be a
prime source of error. In Figure 2; magnitudés in the B~system are plotted
against the axis of abscissas, and the magnitudes that we determined for the
same stars from extrafocal star images are plotted as ordinates. Figure 2 indi—

cates that our system of magnitudes is in good agreement with the B-system from

T e T e

B S e S e L e e e e S T

e



5m

! .' : termination of stellar magnitude from a single

m ,
to 12°. The mean-square error o, in de-

. . m . .
star image is 0 .13. Since the brightnesses of
the nebulae were found from an average of five
4 St stars, the error in determination of the nebular

SN ) ) m ) .
v .. . -magnitudes is Gn = 0.07. Considering the other

. ; m
possible error sources, we can write oL~ 0.10.
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Explanatory ‘Notes to the Catalogue

Figure 2

The catalogue contains photometric, morpho-
logical, and certain other data for 118 objects. The overwhelming majority of
these objects are "typical" reflection nebulae in whose emission the Ha lines

are either altogether absent or much fainter than the emission in the photo-
graphic regibn of the spectrum. A certain number of the nebulae have the char-
acteristic C + E spectrum, i.e., they are equally visible on photographs taken
in photographic and Ha light. TFor the most part, these are peculiar objects
whose structure may differ substantially in "red" and "blue" photographs, which
often have extremely high integral brightnesses, etc. Suchobjects merit more
thorough investigation. The corresponding sources are indicated in the remarks.
The catalogue does not include very fainttléigé;éféa:nebulqgiaéééciaged with
bright stars at apparently short distances from us. Without special observa-
tions,we.g., polarimetry, it is impossilbe to give a definite indication as to
the corresponding nuclei. Detailed data on the nebulae in the Pleiades, which

form a rather intricate complex of possibly interrelated objects, have also been

omitted from the catalogue.

On the whole, the catalogue includes practically all nebulae with § > -25°,
diameters of at least 0'.3 - 0'.5, and nuclei no fainter than the 15th photo-
graphic magnitude, i.e., all objects accessible ito the 500-millimeter Maksutov

meniscus telescope. :

x
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As compared with Cederblad's summary [1], the catalogue contains more than
30 new objects [5], but it excludes the emission nebulae identified by Cederblad

as reflection nebulae or nebulae of the mixed C + E type.

All data on the nebulae and the stars that excite them are tabulated in the

catalogue in the following scheme.

Column 2. The designation of the nebula, with the conventional NGC or IC

numeration or numeration according to Cederblad's catalogue.
Column 3. The HD or BD number of the exciting star or nucleus.

Columns 4-7. The coordinates of the nucleus if known; otherwise the coor-
. . . - . o =

dinates of the nebula. The relationships ll lll 33° and bl bll are

adequate for rough conversions to the old galactic coordinates,

Columns 8-9. The spectral class and magnitude of the nucleus on a scale

closely similar to the Johnson-Morgan B-magnitudes.

Column 10. The integral brightness of the nebula expressed in stellar mag-

nitudes. Sometimes the average surface brightness v is cited.
Column 11l. The average brightness of the night sky (background), expressed
in stellar magnitudes from one square minute,‘atrwhich‘the object ~ under

study was photographed.

“Column 12. The figures given here determine the size of the area for which

the integral brightness m was found, in minutes of arc.

Columns 13-14. The maximum angular distance at which the nebula is still

vigible. For sphérical nebulae, the maximum angular distance is the same

as the radius within which the nebula's integral brightness was found.

E N
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Column 15. The integral brightness of the nebula, expressed in units of

brightness of the nucleus.

Column 16, Distances to the nebulae,.taken for the most part from Ceder~

blad's catalogue.

Column 17. Certain additional data on the individual objects. For exam- /9
ple, there are references to apparent shape: S indicates a spherical

shape (a nebula with a more or less symmetrical decrease in brightness

from the nucleus toward the periphery); K indicates a comet-like object

(the shapes of such objects may vary widely; Ir is an irregular nebula

that admits of description with difficulty; EX indicates nebulae that

are outside of their nuclei, even'though they may have regu~ .

lar outlines (this class also includes those nebulae for which identifica-

tion of the exciting stars is difficult).

A considerable number of the nebulae are, apparently at least, situated in
dark-cloud regions. . Many of them appear as quite isolated formations. The ap-
parent relationships with the clouds are indicated by the following symbols:

1 - nebula inside cloud; 0.5 - on margin of cloud; O - no clear association /10

with a cloud.

})The lack of spectral data on the nebulae makes it impossible'tolclassify
the objects by color characteristics. We obtained a rough classification by
visual estimates made on negatives obtained in blue and red light: C indicates
a nebula whose emission in the red is either altogether absent or noticeably
weaker than its emission in the photographic region; C + E indicates a nebula
that is equally visible in blue and red light; C, E stands for a nebula whose
shape and structure aré quite different in blue and red light.

Each of the drawings accompanying the catalogue (Figures 3 - lO)vindicates
the relative positions of a cloud and the nebula (or group of nebulae) associ-
ated with it. The drawings reproduce the content of our photographs and that

of the reproductions in the Palomar sky atlas. The scales are the same. '[ll
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Numerals from 1 to 5 give a
rough estimate of the absorp-
tion by the clouds on the Lynds
scale [6]. In certain cases,
the data used are taken direct-

ly from this source. Each unit

on the scale corresponds to an
absorption approximately equal
to one stellar magnitude. In most
cases, however, this scale was

used only as a prototype for

estimation of the unknown ab~
sorption of the particular

cloud.

A number of important res-

ol ervations must be stated here.
First, the visibility of a dark
- cloud and the judgement as to

whether it is actually present

at a given position depend ex-

. ' ' tremely heavily on the density

Figure 3 of the star background and its
natural fluctuations. Clouds
with strong absorption are almost always identified quite reliably on the basis
of a number of criteria: sharpness of margins (which are sometimes faintly lum-
inous), the absence, in the particular region of the sky, of star-background-

density fluctuations that might simulate a cloud, the visibility of faint gal-

. axles, and so forth. 1In most cases, the contours of such clouds have been.

represented on the drawing without taking any special liberties. More license
is naturally required in determination of boundaries and absorption in clouds
of low and medium density seen against strongly fluctuating and sparse star
fields. Here the absorption estimates may be on the high side, since an acci-

dental star-density defect may be ascribed to absorption. Something similar is
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observed in the regions of the
Milky Way that are occupied by

extensive dark clouds of complex

et s
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structure. Here, however, errors

are less likely. A clear overes-

timation of absorption may occur

in regions remote from the galac-

tic equator, where the density of .
stars drops sharply. The result

is a kind of "Hagen error', but

one of a totally different nature

[71.

In doubtful cases, the cloud
outlines are indicated by broken

lines on the drawings. 1In some

cases that are at first glance - /13
doubtful, it is still possible to '

establish the reality of the assoc-
iation between the reflection nebu-

la and the absorbing medium. We

refer here to globules, dark lanes

Figure 4 | and condensations "embedded" dir-
ectly in the structure of the
nebula itself, even though the latter does not belong to a definite dark cloud.
| In such cases, it is logical to estimate absorption higher on the scale, even

though the justification for so doing is not complete.

It must be acknowledged that the information given in the catalogue is in-

complete primarily as regards the spectra and luminosities of the reflection~

P R G R b e R S GG

nebula nuclei. At tHe same time, both these data and data on the color excesses

T

of the nuclei and the polarization of their light, the spectral polarization
properties of the nebulae themselves, etc., are absolutely necessary for deter-

mination of distances and solution of othexr problems of fundamental importance
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(for example, for judgements as /14
to the properties of interstellar
dust particles, random assoc-

‘iation of hot stars with dark

clouds, etc.). Briefly, the list~

ing of reflection nebulae and the

T e T S T T R

stars corresponding to them merits

more careful and complete investi- 3
gation. Most of the problems enum-
érated here present no particular
difficulty for modern, well-

equipped observatories and will,

in all probability, be solved dur-

P T e e

ing the next few years. From this

standpoint, the'catalogue published

here may be regarded as the begin-

ning of this task.

We describe the individual

objects listed in the catalogue:

N : 2 - situated on the margin

Figure 5 of a compact cloud associated
with three bright stars whose
total magnitude is 6m.52. The nebula consists of a'bright nucleus and a
peripheral part. The bright region is 1'.5-2' across. There are two /15

variables in the vicinity, one of which is RW Aur;

4 - on the margin of the open cluster NGC 255;

5 - 1in addition to this nebula, five more small nebulae (~0'.l) are
observed;

13
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6 - the reflection mnebula has

that indicate exciting stars;

structure the same in C and E;

+ 11 - a type UG variable in the
vicinity;

12 ~ toward the southwest, the
nebula undergoes a transition to
E and concentrates around another

star. According to M.V. Dolidze

" emission in the immediate wvicin-

ity; these may be part of the

[9]1 gives for the nebula

There is a faint variable star

Figure 6 of the type In on the edge of

the cloud type in variable on
the margin of the cloud. According to Martel [10], the polarization indicates
association with the stars BD 30°549 and BD 30°548.

A chain of small emission
condensations is observed:

13 - associated with the IC 348. 1In the cloud, and variable star Rwn

— the center of a T-association [20]; i

.

14 - cluster of nebulae in the Pleiades (see article by Yu. I. Glushkov
in this collection;

14

companions with the C + E spectrum,

characteristic dark gulfs, and rims

9 - faintly visible in red light;

[8], there are two stars with Ha .

Per II association. N.N. Johmson -

B—V =+40%96,U—B=~—1%10.

e




// ' ” @ 15 -~ a small emission nebula
}K/:~> i around the nucleus in E. In C,
@;\\N;/\\* Lj A the nebula is situated to one

3 4 D 2

by

side of the nucleus. A group of

T o T o — . eSO
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type Rwn variable star s in the

vicinity of the nebulaj;

16 — N.N. Johnson {9] reports two

variable nublei, DD Tau, CZ Tau,
with spectral classes dKée and
dM2e;

17 - the nucleus is the variable

RY Tau;

18 - reflection nebula belonging
to the group of emission and

C + E objects. Two 16" variables :
of unknown type; /17

20 - situated at the end of a

lane that terminates in a strongly

1 . '
. Figure 7 absorbing compact cloud with

R =12'. The nebula takes the

form of a dense aureole with r.= 1'. The nucleus is wvariable star RWn,’

of the type AB Aur;

21 - associated with a tight group of stars. One of them is an emission

star [8];

25 - cometary. Faintly visible in red liéht. _Structure very closely
similar to that of NGC 2068. Part of the nebula is separated from the

main body by a strongly absorbing bridge;

15
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.39 - data published in [4];

28 - a type RWn variable in the

immediate vicinity of the nucleus;

29 - no nucleus. Faintly wvisible

in E;

30 - no nucleus. Faintly visible

in E;

31 - cometary, discernible in E.
Source of luminosity not definite-
ly determined. Possibly a star in

the head of the comet;

34 - the nucleus is w Ori; accord-
ing to the CSP [Katalog Polozheniy
Zvezd (Catalogue of Star Posi-

tions)], possibly a variable;

36 ~ the luminosity of this nebula
was studied by D.A. Rozhkovskiy

[4];

37,38 - data published in this

collection;

42 ~ . data published in [9, 11]. Variable stars and Herbig—-Aroult objects

are visible;

40,41 - nebulae separated from NGC 2068 by a dark bridge; apparently,

this is part of NGC 2068;

[ e e e e S e U S e B
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45 - possibly an emission nebula.

A cometary tail appears in E.

44 — takes the form of an extreme~
ly compact condensation around a

nucleus with r = 0'.,1 ~ 0'.2.

The width of the entire nebula is
n0'.3. The data for m are unre-
liable. Associated with a star

cluster;

48-~54 ~ a whole group of 15 C and

C + E nebulae of various sizes;

49,50 - different structures in

C and E; 48, 52 have a steep

brightness gradient;

55 - attended by a group of small
faint nebulae; no definite absorb-

ing cloud;

= "Figure 9 57,58,60,61 - these may form a
single physical grouping related
to the Monoceros association. 57 has a bright central area with
r = 0'.9 (the shape is different in E); 58 is associated with the open
" cluster Cr 95; 60 is cometary, with a bright central condensation with

r-1'.2; 61 has a bright central condensation with r = 1' 2;
59 - related to an extremely close cluster;

63 - related to a star cluster; a star of 14™.2 surrounded by a small

nebula with r = 0'.3 is situated near the main nebula;

17
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64 - at the center of the nebula,
an extremely tight cluster of
faint stars. The two close nuclei
resemble diffuse objects even at

1:10 aperture ratio. Toward the

north, one more small reflection -

nebula is observed;

65 - C + E, associated with a tight

group of stars. Alongside, a very

small faint nebulaj;

66 - related to a tight star

cluster;

68 - E > C;

69,70 - form‘a close double;

71-73 = possibly related to a

cluster of fainter stars;

Figure 10

75 - visible in E. Contours coin- /18
cide in C and E. Two wvariables |

in the region of the nebula; AN Sco, a type RWn, and W Sco, a type M.

e N R R R s e R e S

The boundary of the nebula coincides with the boundary of the absorbing

region;

76,77 - two close double stars illuminating a single nebula. Data on

polarization given in Martel's paper [10];

78-80 - a group of nebulae, three of which are bright and situated in a

G e S e s e e PR o i

lane radiant. 78 may be associated with a star group; its nucleus has

= +0™.50. The type an variable V 852 also

a large color excess El
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occurs here. The light of the nucleus is polarized in the long direction
of the lane [9]. 79 is a cluster of three stars with very strong conden~
"sation toward the center; the nucleus, p Oph, is the center of a T

associationg
81 ~ alongside the nucleus, the type RR Lyr variable V 743;

82 - some information on the nebula given is in [12]. A number of non-

stationary stars in the vicinity of the nebula;
83-86 - a region with strong absorption and dark lanes. C + E and E ob-
jects observed along with the C. A number of nebulae are, in turn,

related to close star clusters. It appears that the entire complex is a

single physical group;

- 88,89 - the western boundary of the cloud is very sharply outlined. The

nebulae are related to a star cluster;

89 ~ discernible in E; a dense-globule inclusion is observed;

91 - the nucleus may be a variable;

92 - situated at the junction of two lanes. Data given in the papers of
Martel [10] and D. A.,szhkovskiy [4]. Nucleus polarized in the direc-
tion of the filametnts and the long direction of the dark cloud [9];

- 93~98 - in the region of the Great Fork of the Milky Way;

100 - consists of a series of small, faint nebulae;

103 = nucleus surrounded by a star cluster. Dense, dark inclusions are

observed on the boundary of the nebula;
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104 - alongside (a = ZlhOlm, 5, § = 50°), a group of very small compact

reflection nebulae situated in a lane;

105 — associated with a group of faint variables, flare, and T Tau stars.

More detailed data are published in the present collection;
106 - the nucleus is a spectral triple of type E II, HD 203025;

108 - according to Hall [13], the light of the star is polarized in the

direction of the nebula's filaments;

109 - photometric data available in [4];

 110—113 - associa;ed with a cluster of at least 10 stars§
© 112 —.data given in Herbig's paper [14];

114 - visible near the C + E nebula IC 5146. The entire region is situ~-
ated at the end of a lane. A large group of nonstationéry objects also

occurs here;

- 115,116 - margin of cloud luminous;

117 - associated with the terminus of a very dense narrow lane. The lane

has faint luminosity in C and E;
~.118 =~ lane is luminous, C > E. Nebula at end of lane.

Data on the nebulae and their illuminating nuclei are given in the cata-

.logue. A number of relationships were derived on the basis of the results.

The relationship between the brightness n* of the nucleus and the distance
o n from the nucleus to the faintest point of the nebula is shown in Figure 11.
The circles indicate nebulae with spherical shapes, and the squares irregular 19

nebulae.
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We see from Figure 11 that
there is no distinct relationship
between m, and log ¢n. In linear
approximation, this relationship
might be given by ‘

my=—klge,+a,

(2)

where

k=5,2+0,3,a=11,5=0,1.

In the work of several other

authors [1, 15-17] who have also

L L - N . N
06 08 0 12 it 16 s af~ 22 presented m, as a linear function

: *
‘log ¢
08 %0, of log ¢n’ the coefficient a takes

Figure 11

| on a wide variety of values ranging
from 11™.0 [17] to 12"™.0 [16]. These discrépancies can bé explained by a certain
| indeterminacy in the evaluation of m, and ¢n and by the selection of the mater-
ial for study. At the same time, despite the fact that there exists a definite

relationship linking m*'and lbg ¢n’ the scatter of the points in Figure 11 is ra-

ther wide, and may amount to several stellar magnitudes for a given ¢n. Clearly,

such scatter cannot be explained in terms of errors in the determination of m,

and‘?n. Differences in the sky background on different negatives introduce a
certgih inhomogeneity into the material studied. It is difficult to correct
accurately for the influence of sky background on nebula dimensions, owingyEo:iT
the irregular structure of the nebula and our lack of knowledge concerning
brightness distribution in the unobserved part. We did have at our disposal
negatives each of which showed a whole group of nebulae. Analaysis of these
objects indicates that the dispersion in (2) remains large even at a constant
night-sky background brightness vb{"We:alséwihvésgigaﬁed for a possible rela-

tionship between v and‘bn. According to our data, there was no discernible

b

correlation between Vy and‘¢n. This suggests that the dispersion observed in m,
as a function of log ¢n is real, and not the result of reduction of the observa-

tional data. Relationship (2) is discussed in greater detail below. Here we
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Figure 12

note only a series of nebulae not described by (2). As a rule, such objects are
peculiar in some respect: they are either illuminated by several stars, or are

cometary, or are unusually bright.

These nebulae include 16, 17, 21, 25, 42, 43, 55, 64, and a number of
others. The properties of these nebulae are cited in the explanatory notes to

the Catalogue.

Figure 12 shows the relationship between the flux Hn from the nebula and

the area S from which the flux was determined.

As we see from Figure 12, the observed dependence is nicely represented by
the linear relationship

my= — & 1g S+, (3)

where k=25 v=14,7.

The coefficient v characterizes the average surface brightness of the nebu-

la from 1[0’ 1Indeed, if we assume that the average surface brightness

—2,51g %

(4)

ﬁ',

is the same for all objects,(3j follows directly from (4).
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Thus, knowing the linear relationship between m and log S, we arrive at
the conclusion that the average surface brightness of the nebulae is a constant.
Needless to say, there are also substantial deviations, e.g., in 2, 31, 44, 56,
and a number of others. As a rule, such objects exhibit various peculiarities
that are not inherent to "typical" reflection nebulae. For example, nebula 31

is cometary, and the source of excitation has not been definitely identified.

t the same time, the close correlation between m and log S that follows
from Formula (18), which will be derived in the next section, suggests that ut

does not depart greatly from thé average for the majority of reflection nebulae.

Relationship (2), which we derived from the observational data, was first

derived theoretically by Habbl [15],‘and takes the form
My = ""5'12‘(?}; +a ; (5)
(¢. in minutes of arc).

Habbl determined a from observational data. At the brightness limit

E_ " = 14".36 from 1 O’ and a = 11".02.

Relationship (5) is easily derived on the assumption of uniform spatial
distribution of the dust in which the stars are immersed. This takes account
only of information from a small volume lying along a radius extending from the

star perpendicular to the line of sight.

A -number of authors [1, 16, 17] report that this relationship is, on the
average, satisfied. However, observational data indicate that the scatter is
nevertheless large. Moreover, this scatter cannot be explained by the observa-
tional errors. The coefficient of log¢n is found to Be somewhat larger than

five, in contradiction to Habbl's theoretical calculations.

One possible reason for the rather indistinct dependence of m,

may be the cloud structure of the interstellar medium. Individual clouds

on log ¢n
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situated at the same distance from the star illuminating them
may be observed at widely different angular distances from the
star. The relation between m, and log ¢n may be thrown off
sharply by interstellar cloud structure. It must be noted, how-

ever, that the probabilities of observing a given cloud at differ=—

ent angular distances from the star are different, with the

Figure 13

result that there is an evident correlation between m_,k and log@fn.

%

The luminosities of a nebula of arbitrary shape at an arbitrary
position relative to the star were calculated to explain the observed correla-
tion between m, and log L Approximate account was taken of first-order

scattering in these calculations.

Let a column of dust of optical density Ty lie on the line of sight (Fig-

ure 13); then the brightness En from a square minute is determined by the

formula : C ) g .
‘ . iy
' Euprtghy f x(9) (6)
En= Nsin'y zﬂ—-df),
. 9, )

where E, is the apparent brightness of the star, N is the number of square min-

utes in one steradian, and p is the albedo of the particles.

Cotd;=Cothy — 2 coty. | (N

All calculations were made for two scattering indicatrices:

oE@ =1, (8)
. . . cl ! .
=1 ey Teecos? )
with the parameter values c, = 0.394, c, = 0.666, x,. = 0.987. This last indica-

1 2 1
trix is very close to the scattering indicatrix used by IL.N. Minin [18] for

analysis of reflection-nebula luminescence. The figure obtained directly from

o Sl e T G e L I b B S e

our photographs was En "= 15™.3 from 10 or 5 - 10% of the skyglow.

Here and below, the index "n" characterizes the limiting values of the
8

. . R m
parameters of the nebula, at which the surface brightness comes to 15 .3 from 122
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1{)’.. Using data calculated by Formula (6) for the uTy intervals

~ from 0.5 - 2.0 and 0.1 - 0.5, ¢ _was found as a function of m,.
LL

} 'The calculated results are presented in Figure 11 in the form of

'
i

SR .
<N -

. ‘t:,
1

j/)/ averaged straight lines. Lines 1 and 2 (for a spherical indica-

e

trix) and 3 - 4 (for a prolate indicatrix) correspond to the urt

. 1
intervals from 0.5 - 2.0 and 0.1 - 0.5. Since only single scatter=-

O

Figure 14 ing was taken into account in the calculations, pt = 0.5 - 2.0 rep-

resents a certain parameter rather than a real quantity. ' For
example, with u < 0.7, an increase in T above 1.0 does not result in an increased
,brightpess'bf fhé‘ngulé;ffféﬁiﬂ < 0.7, therefore, the parameter ut that we use
must not exceed 0.6. With increasing u, this restriction relaxes, and at u = 1
an’ increase in T always results in a brightness increaée, although this change
takes place slowly at large t.

Since we find from the observations that ut, < 2, we should naturally ex~

pect most of the points in Figure 11 to fill thelentire space to the left of
curves 1 and 3. On the other hand, the existing correlation between m, and

log ¢n becomes understandable on the basis of the probability of observing a
cloud at a given angular distance from the star. Obviously, the probability of
finding a cloud in this volume of space is proportional to the volume itself.
Let us take the total volume in which the particular star can cause the observed
luminescence of a cloud as unity. For a 4™ star, this corresponds to ¢n = 40'.
It is easy to calculate the fraction of this volume corresponding to angular
distances ¢+4¢ . TFor example, for the indicatrix (9) and for m, = 4™ 3% of
the volume falls to angular distances ¢n from 1 to 10' and 97% of the interval
of ¢n from 20 to 40'., Quite naturally, the overwhelming majority of nebulae

" associated with 4" stars will have ¢n in the w0 - 40' range. The ¢h were found
for magnitudes to 10™. The agreement with observations was good. Moreover,

the indicatrix of (9) or a slightly less proléte indicatrix offers, on the aver-
‘age, a better explanation for the correlation (Figure 11) than does a strongly

prolate indicatrix.

In our earlier discussion of the deviation of the m,~log ¢n curve from

Habbl's relationship, we succeeded in showing that, on the average, the nebulae
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are characterized by highly nonuniform mass distributions and slightly prolate

indicatrices.

Representing the entire population of nebulae by a certain homogeneous
spherical model, we can draw certain further conclusionsas to the average value

of urt.

In the general case, considering that nebulae with both small and large

optical thicknesses are observed, the brightnesses of such objects should be

‘calculated with consideration of higher scattering orders. Such calculations
were carried out by A.V. Kurchakov and are published in the present collection.
But on the other hand, the number of nebulae with large observed fluxes is small,
and Habbl's relationship is satisfied only approximately, since the nebulae '
‘themselves have an irregular structure. All this gives reason to hope that we
may be able to use an approximate calculation of the first scattering order in-
stead of the complex calculations needed to obtain the statistical average A
value of utT — the more so since, as will be shown below, the average value of °

pt is found to be small (&0.18).

Let us consider a spherically symmetrical nebula of radius RO (Figure 14) [23
with a star of luminosity L at its center. We shall approximate only single
scattering. Then the intensity of the emission emanating from the nebula at

a distance p from the center of the disk is given by the Formula (19)

: =i
: . Lpa
1= 15, f x(Had, : (10)
, ; | ,

where po is the volume coefficient of scattering. Accordingly, the brightness
E_of the nebula from one square minute at an angular distance ¢ from the center

of the disk will be written

11——30

Epxg sindg ‘S' xMad (11)
_ Nsin2p 4n :

e
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Here E% is the apparent brightness of the star, N is the number of square minutes

in a steradian, and Ty = aRO is the optical radius of the nebula. Since the

‘angular dimensions of the nebulae are always small, we can write

. . . ,7“;‘30 /
- _Eubresinig y 9 ah
4y T e = X e .
Fa= ="ty ) =0 e (12)
' A : ;
Let us consider the case in which x(0) = 1. Then Expression (12) is
rewritten
By [ o ein @) ’
Ex= Trow (ﬂ. Y2arcsx‘n %’) ; (13)
(¢ in minutes of arc),
where Qo= éggziis the angle subtended by a cloud of radius RO at 9, <Qoas is
usually the case: o - '
: ! e Pn__ %n
Caresin gt = ay

Then it follows from (13) that

4E:S’0 T g )

le ‘?"::f‘lg (UroE* +l::?‘c3 ’

(15)

According to Lynds [6] and our own statistical analyses, the average dim-
ensggn of the cloud is given by RO = 1.5 parsecs. It follows from the catalogue
that the average absolute magnitude of the nuclei M = —Om.S, and from Expression
(5) that a = 11.5 and E_ " = 2.512 ~ 15.3.

Substituting'the data obtained into Formula (13), we find that uTO = 0.36
for the entire cloud. And since this gives %ﬁ = 0,5, we have put = 0.18 for the
nebula.

We have still another possible way to estimate the average ut of the nebu-

lae. If the entire population of nebulae is represented by a spherical model,

the integral brightness Hn of the nebula will be determined by the following
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formula in our scattered-light approximations:

Hp == H b5, (16) .
and the average surface brightness is
FOMTL
E = 2] v ‘
TR R‘?n. ‘ (17)
or o
(18)

Y=y + 5lge,—2,51g .

Observations gave Vv = 14.7 [see (3)].

AN e R T e e T R e ot

Considering that m + 5 log¢ n - 11.5, we find ut, which equals 0.16.

The good agreement between the values of pt obtained by the different meth-

‘ods gives reason to assume that the entire body of observed data can be repre-
sented not too badly by a spherical model with a cloud radius RO = 1.5 parsec,

Wty = 0.36, and ut = 0.18.

While it can be estimated from the catalogue data that the indicatrix is
no more prolate than tﬁat of (9), it is difficult to estimate u because of the
~smallness of the values ut = 0.18 and HTy = 0.36 that were obtained for the
" nebula and the cloud, respectively, with RO = 1.5 parsecs. For small ut, u and
T are nearly equivalent in importance. They can be separated only by calcula-
tions for a homogeneous spherical nebula using highly accurate data for the

- flux and brightness distribution over a disk of the nebula.

Naturally, this is impossible for an average model that describes all of
~the statistical material. At the same time,. if we assume that u does not vary
greatly from cloud to cloud, we can estimate it by examination of individual
deviations from (11) and (13). Some of the nebulae mentioned above as not con-
forming to (2) and (3) have values of Hn ~voH Examples are objects 12, 17, 25,
31, 48, 56, and others. We used the results of exact calculations of spherical

nebula luminescence for analysis of such nebulae.
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By using the calculated data for the fluxes from the nebulae, and their ob=-
served average charac?eristics: RO = 1.5 parsecs, M = ~Om.5, and Enn = l5m.0,
we can easily arrive at the following conclusions: firstly, with Hn/H* = 0.5 -
1.0 and p = 0.5, the radius of the luminous part of a dark cloud, i.e., a nebula,
amounts to less than 0.3 of the total radius of the cloud;”sééondly, a nébula,féf
which Hn/H* = 0.5 - 1.0 and y = 0.7 will have a dimension equal to half of that

of the entire cloud.

At the same time, it is known from observations that the dimensions of most
nebulae with Hn/H* > 0.5areno less than half that of the cloud, and .this, in

turn, signifies that u > 0.5 for such objects.

A General Survey of the Agpregate of Reflection
Nebulae

Almost all of the observational information that can be obtained on reflec-
tion nebulae is material for the statistician. Use of the exact theory, e.g.,

to interpret the luminescence of individual objects, which are, as a rule, ir-

regular and peculiar, yields limited and frequently ambiguous results. The
various statistically codified characteristics of the nebulae have greater

weight, for example, for determination of certain optical properties of dust
particles,‘but even then they are found to be inadequate for solution of such
a problem. There are not enough objects suitable for this purpose among the

total number of 200 - 250 known nebulae.

Although we do not now have material covering all nebulae, including ob-
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jects in the Southerh Hemisphere, interest will neverthless attach to certain
data that proceed from the catalogue and characterize the nebulae in the aggre-

gate in the part of the Milky Way accessible to us.

Distribution of Reflection Nebulae in the Milky Way.

The dots in Figure 15% indicate the positions of all objects in the
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catalogue in the new system of galactic coordinates. The figure also indicates
the outlines of the dark clouds and other details whose significance will be
discussed below. In examining this drawing, it must, of course, be kept in mind
that with the exception of the nebula illuminated by Rigel, it is equally char-
acterisitic of the distribution of reflection-nebula nuclei, since the nucleus-
‘nebula angular distance is small. The drawing indicates that the nebulae show
a distinct tendency to form more or less compact groups numbering from 3 to
about 15 objects. No more than 10 - 15 solitary, completely isolated objects
separated from one another by a distance of, say, 5°, can be counted. It must
be acknowledged that the concentration of the nebulae into local groupings was
noted even by Habbl [15] for both reflection and emission objects. Our material

not only makes it possible to trace this tendency more distinctly, but also es-

G R R e L B o e s T T

tablishes certain new features in the distribution of the nebulae. First of all,
stress must be given to an important if obvious consideration: these features
emerge as a result of "superposition” of the apparent distribution of stars of
spectral classes Bl-AO on the one hand, and clouds of absorbing matter on the
other. However, available Information is not equivalent for these two systems,
since current data on the structure of the absorbing matter are inadequate and
frequently contradictory. We shall have occasion to return to this question.
On the whole, it is not difficult to discern the principal features inherent to
the flat system of early stars in the distribution of reflection-nebula nuclei.
: Thus, along the galactic belt from Scorpius to Monoceros, we encounter the fol-
lowing known groupings or aggregates of hot stars, among which we may also

include the corresponding pockets of reflection nebulae [21, 22]:

‘ / f
1. 1,=T75 by=—0°% 5 -

The nebulae of the Sagittarius.group, with the possible exception of No. 8,

a "companion" of the Trifid Nebula, are situated in a region with strong ab-

sorption and dark lanes. This region emits in'Ha. To some degree, the observed
arches and filaments around the nebulae confirm that this is a single complex.

The strong and nonuniform absorption makes accurate determination of the
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distance to the star impossible. However, if it is assumed that the nuclei be~ '(26
- ' . . m

long to the main sequence and that absorption amounts, on the average, to 1 per
kiloparsec, we find that the distance to the complex does not exceed 100 parsecs.

The nucleus of Nebula No. 82 belongs to the Sgr I association.

TS eI ST e

2. Ly =56° bii=--3°

The nebulae in Vulpecula and Sagitta are situated in the region of

the Great TFork of the Milky Way. No close relationship among the individual
objects of this group is observed. It is more‘likely that a projection effect

is observed here.

3. 1,=108%"  b;,=+10°

The nebulae of the Cepheus group form a large group of nebulae associ-

ated one-to-one with individual small clouds. The entire complex breaks down
into two subgroups at 600 and 800 parsecs on the basis of the distances to the
nuclei. In this case, it appears that we observe a cluster of small clouds ex~

tending from 600 to 800 parsecs.
4. In=188° - b= — 20°

The nebulae of the Taurus group. All of the nebulae are situated in

an extensive absorbing cloud. Estimates of the distances to the nuclei give
values from 600 to 800 parsecs. Since accurate accounting for absorption is
impossible and distance therefore cannot be determined,‘it may be assumed that

the nebulae are at the same distance from us and form a single complex.

5. 1;;=201°, b= — 0°3

The nebulae of the Monoceros group are situated inside a large cloud.

Two of them (57 and 58) are in a narrow lane. The distance to the nuclei is

T B T SO T Y T sy ST e sy

500 -~ 600 parsecs. It appears that_both nebulae are assoclated with the same

lane. Nebulae 60 and 61 may be more distant and belong to another cloud.
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6. 'ZH=2O5°, . b“'“—‘ - 170

The nebulae of the Orion group form a large group of nebulae compos-—

ing the Orion complex. The average distance to them is 400 parsecs. The entire

Orion region is saturated with dark emission clouds and reflection nebulae.

7. 1,=213°, bn=—12° 13=215% - b;;=0°

Nebulae of the Monoceros group. The first is an extremely close group

of nebulae. The average distance to the group is 700 parsecs. Nebulae 53, 54,
and 56 must be more distant, to judge from the maénitudes of the nuclei. How-

ever, the filament connections between the different nebulae indicate that they

belong to the same complex.

8. 1y=238.. bu==—3

The Canis Major Nebulae (69, 70) apparently represent a single object

with a nucleus (a = 7hl7m.7, § = =-23°57"). The spectral classes of the other

nuclei are unknown. Group 71 - 73 has nuclei of almost equal magnitude, and . /27

“the nebulae themselves are situated very close to one another in a single cloud.

It appears that the group as a whole is the result of projection of individual

clouds.

‘9. Z.“=355°, . b“=‘+18°

‘The Ophiuchus—Scorpius nebulae are situated in a lane radiant. The

average distance to the nuclei of the nebulae is 150 - 200 parsecs. The ‘entire

group forms the single Sco II complex.

10. 1, =142°, By =+38°

Group of two nebulae. The nuclei are members of the Cam I - II associ-
(a; = 3"25™,0, 8 = -+ 59°46’,'HD 21191: ,0’-2?3" 15m,9, 0= +58°42', HD 21389).

ation
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. The centers of associations are indicated by crosses in Figure 15.

Basically, the features noted in the distribution of the much more numer-
ous emission nebulae are repeated in the distribution of the reflection nebu-~
llae. Thus, on comparing the data given in Figure 15 with the corresponding
data of G.A. Shayn and V.F. Gaze [23], which pertain to a somewhat narrower
strip of the Milky Way, we find many of the groupings noted above among them.
In either .case, we observe a certain lacuna in the distribution at 30 - 55° of

the Milky Way (Scutum-Aquila region).

There is no doubt that in many cases the emission and reflection nebulae
arve parts of the same hot-star physical grouping. The aggregate of stars and
nebulae in Orion, the pockets of emission and reflection objects within small
~dark clouds, etc., can be cited as typical examples. Since the nature of the
luminescen;e of both complexes is determined by the spéctral classes of the
stars, we may assume a high galactic concentration for the emission nebulae.
Here, however, we are already touching upon more profound properties of the
systems — properties governed by their origin, their relation to the spiral
structure, associations and open clusters. Regarding the latter, incidentally,
it should be noted that the differences between the complexes are not so ob-
vious: According to certain sources, approx1mately 1/6 - 1/7 of the emission
nebulae are associated with open clusters [24], and it appears that the same
proportion is preserved for the reflection nebulae, some of which are associ-
ated both with known clusters and with close star groups. The same type of
correlation is observed for other objects in '"local groups'. The deviations
from it sometimes have obvious explanations. Thus, in the most numerous and
extensive complex near Cygnus (le>= 80°, bil = 0°), which contains several
dozen emission objects, there are only three reflection nebulae. At the same
time, it is known that precisely this complex is distinguished by strong anoma-

lies in the number and distribution of hot stars [23].

In his day, Habbl [15] drew attention to the concentration of some of the
diffuse nebulae along the Gould belt. It is known that the local system of

2 g . . m . .
bright (mainly no fainter than 5 .5) B-stars close to the Sun is associated
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with this effect. The nodes of the belt have the coordinates le 120° and

bll = 300° [25], so that the bright B-stars should be situated south of the

galactic equator along the galactic belt between longitudes 120 and 300°. Some=-

thing similar to this is registered in Figure 15. Here, near le = 120°, we
note one of the nodes indicated and asymmetry in the distribution about the

‘equator. However, it must be remembered that there are no more than tem nebu-
lae associated with bright stars of m < 6. At the same time, several tens of

fainter stars testify to the asymmetxry phenomenon.

Figure 16 shows the distribution of the nﬁmber of nebulae over the appar-
ent magnitudes of their nuclei. As we see, the histogram has two characteris-
tic maxima. TFigure 16 simultaneously confirms that there are few bright stars
down to m < 7 inclusive. However, it follows from many studies based on hun-
dreds of B stars that all traces of the local system and perhaps even of the
Gould belt have disappeared even for m = 7. However, our much less numerous
data permit (or, in any event, do not contradict) interpretation of the fea-
tures of Figﬁre 15 on the basis of a relation to the local system. The possi-
bly clearer indication of the local system by the reflection nebulae is ex-
plained by the fact that it includes both B stars and dark clouds. There are
.references to correlation between B8-BY stars brighter than magnitude 6.5
’(bll < 50°, r < 200 parsecs) and dust clouds [26] and to the absence of any
discernible connection with dense hydrogen clouds in the case of faint B stars

[ZZI.J The last-cited study was based on a comparatively modest volume of mat-
erial and the author regards it as preliminary. It appears to us that the
available data are insufficient to explain the general features of the

reflection-nebula distribution in connection with the structure of the Galaxy.

It follows from Figures 15 and 17 that the apparent concentration of the
nebulae along the Gould belt is due chiefly to the complexes of objects in
- Orion and Scorpius. Both are extremely young formations, and their inclusion
into the local system should be governed by it's evolution and relation to the
spiral structure, since the aggregate of stars in Orion apparently represents
the nearest part of the "Orion arm" [28], etc. Unfortunately, most of the

stellar—~astronomical and dynamic properties of the local system have not yet
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'# ,  o b s ., 2 "' been thoroughly studied. Nor
V B | may we omit mention of another
possible interpretation of the
v phenomenon discussed here. On
the basis of study of polari-

metric data for stars studied,

on the average, at distances

no greater than 1,000 parsecs

from the Sun, G.A. Shayn in-
ferred the existence of a local
condensation of early stars and
dust and gaseous matter that
appears to be different from
the Gould belt, i.e., from the
local system of bright B stars.
G.A. Shayn includes the gas and

dust complexes in Scorpius,

¢ Sagittarius, Taurus, 'and Oriom.

“257 247 ~00% -qgt <12° ~3° 4" 6 & 8T a2t 18 200 2

in the local condensations
Figure 17 , [297.

It is difficult at this time to choose between these two possibilities

and include all reflection nebulae or some of them in one of the above systems.

Returning to Figure 16, we can explain the appearance of the first maxi-
mum in the nebula distribution by attributing it entirely to the complex of
nebulae in the Orion regibn. The second maximum with the mode m = 10 should
be attributed to objects that are associated approximately uniformly with the

galactic equator.

Figufe 18 shows the distribution of the nebulae among the spectral class-
es. It must be noted that these data are known only for 80-odd objects, Wﬁich
are usually no fainter than the 10th or 1lth magnitude. Some of the spectra
have been classified f;om photographs made with a 6-degree objective prism by

Yu. I. Glushkov and one of the authors. 35
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Figure 18

Thus, we have reason to assume as an average characteristic for the popu~

lation of reflection-nebula nuclei
SpBTV,B=9m r=500par sec,
if we take M§ = -0™.5 according to [30] and an absorption Apg ﬁ_Zm per kilo~

parsec. These data probably characterize quite closely no fewer than half of

the nuclei in our Catalogue.

Reflection Nebulae and Absorbing Clouds. /30

The apparent distribution pattern of dark clouds in the Milky Way belt is
shown in Figure 15 after Lynds. Lynds drew it up on the basis of a study of
dark clouds on individual "two-color" reproductions of the Palomar Atlas. We
made reference above to possible inaccuracies and simple errors in drawing the
contours of the clouds and estimating their densities, especially in such
extremely complex and confused cloud systems as are observed in the Sagittar—
ius region. Nevertheless the pattern is, on the whole, not lacking in object-
ive content. Even before Lynds, Khavtasi [31] made a similar investigation
using the Ross—Calvert and Barnard Atlases. There are still earlier studies

of specific regions of the Milky Way that pursued the same basic objectives.

On the whole, the authors arrive at similar apparent distribution patterns

and similar general outlines for the dark clouds on the basis of their =
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differing methods and sources. There are, of course, inevitable discrepancies
in the interpretation of the complex cloud systems and fine details, but these
are not crucial to our problem. It must be noted that the reproductions from
the Palomar Atlas have many advantages over the other sources, so that the
data of Lynds probably carry greater weight. Our Figure 15 does not include
numerous small clouds referred to in the Lynds catalogue. This drawing is of
interest primarily from the standpoint of the apparent general relationship be=~
tween the complex of nebulae and the complex of clouds. The close similarity
in the distributions of the two complexes about the galactic equator is estab-
lished beyond a doubt, since both show north and south asymmetry and a ''nmode"
in the region of le = 120 - 160°. The similarity becomes clearer if we com—
pare the distribution of the "centers of mass" or densities of the clouds with

the distribution of the centroids of nebula groups obtained by averaging their

coordinates in each 10- -degree longitude interval.

In Figuré 19, the positions of the former are indicated by crosses after
‘Lynds. The circle indicate the positions of nebula centroids. We see that
after such averaging, the pattern enables us to divide the entire complex of
clouds and nebulae into two major groups situated on different sides of the
equator and merging into one another near‘lll = 150°., The asymmetry in the
dark-cloud distribution, which has been confirmed by radio observations [32],
is usually ascribed to concentration. of part of the absorbing matter in the
Gould.belt, of which we spoke above. It appears to us that this question is
not yet definitely resolved, since objects that belong to the spiral arms,
specific accumulations of gas and dust at higher galactic latitudes [33], etc.,
participate in the asymmetry phenomenon. At the same time , it is interesting
that Very broad nebulae of very low surface brightness can apparently be assoc—
iated with B5-B8 stars no fainter than the sixth magnitude. More than a score
of these objects can be indentified on the high—contrast reproductions of the
Palomar Atlas. They are usually faint, rather broad arches or shells extending
over 2 - 3° and, as a rﬁle, observed in the vicinity of groupings of several
generally bright stars of the later B classes.l On our summary chart (Figure

15), the centér positions of these nebulae are indicated by squares.
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“ ] We see that, unlike most ordinary reflection nebulae,r /32

? LS they are all concentrated at a considerable distance

“ . g% &%1' from the equator. This can be explained by their
= §k & nearness to the Sun and by the less favorable visi-

Xﬁ' o bility conditions at low latitudes, where these
faint objects are projected against the brighter

150" 7 #a* sr _ backgréund of the Milky Way. Interesting features
& Emission nebulae of these nebulae are their almost identical bright-

& Reflection nebulae nesses on the 0~ and E-reproductions of the atlas
| and the fact that if is impossible in most cases to

Figure 20 associate them with clouds of absorbing matter.

The origin of these objects is not yet entirely clear; specifically, the
role of hydrogen emission in their spectra is unknown, since the nebulae often
lie outside the Stromgren zone corresponding to the spectral classes of the

neighboring stars. It is possible that these nebulae represent former H II

‘regions now in a state of de-excitation. Whatever the case, this group of

nebulae is interesting and deserves a special study.

Returning to our discussion of Figure 15, we may nevertheless affirm that,

on the whole, there is no preferential relationship between the reflection

‘nebulae and the very broad absorbing regions of the Milky Way according to the

large-scale details of the drawing. Thus, there are relatively few of them in
the Sagittarius region, which is crossed by numerous dark clouds that are prob-
ably close together. In general, the pattern may be characterized as follows.
Somewhat less than half of all the nebulae are concentrated in the large clouds
and complexes of large clouds, which, incidentally, occupy about 1/3 of the sky
area (Figure 15). At the same time, whole groups of nebulae experience attrac-
tion to precisely these broad clouds in a number of cases. We include among
these the nebulae of the Scorpius-Ophiuchus, Taurus, and, finally, the Orion
groups, where thelr relation to the clouds of iﬁterstellar matter is regarded

as genetic on the basis of contemporary data.
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The common features noted in the distributions of the dark clouds and
their nearby reflection and emission nebulae in the region of ZH = 165° and

bll = -10° is dinteresting and perhaps no accident. This is represented separ—
ately on Figure 20; here, the points represent reflection objects and the

square emission objects (according to Shayn and Gaze).

Using Ehe results of more detailed study of the relation between the indi-
vidual 8 nebulae and the structure of the absorbing matter visible in their vic-
inity (see Figures 3 - 10), we may draw the following conclusions: in no
fewer than 80% of cases, the reflection nebulae are visible within sharply
outlined, isolated dark clouds. It might be thought that we are observing, in
most cases, a quite spatial and not an apparent "optical" connection between
the reflection nebula, or more precisely, its nucleus, and the corresponding
dark cloud, part of which is illuminated by the nucleus. This statement is
based primarily on certain structural-morphological properties of the objects
studied as seen directly on photographs. The most signficant of these proper-

, )

ties will be of interest (Figures 3 - 10
1. Over a certain distance, the boundaries of the absorbing cloud coin-
cide almost exactly [with] or conform to the apparent boundary of the reflec-
tion nebula. A typical case is the nebula around the star v Scorpii
(Catalogue Nos. 75 and 107). Sometimes the cloud boundary coincides with a

faint luminous ionization front ("rim'"), near which the reflecting nebula is

- situated (Catalogue No. 16).

2. The nucleus, together with the nebula surrounding it, lies next to a
very dense dark condensation of the globule type. A highly characteristié ex—
ample is Catalogue No. 20. Often, this entire system is, in turn, situated in
‘the densest part of the cloud. In general, relation to globular inclusions is
a quite common phenomenon among the nebulae of small angular diameter. This
same ﬁype of relationship with ‘clouds :is characteristic for nebulae that are

divided into two parts by a dense, dark bridge.

Dy B, . , . .
( ’The Catalogue numbers of the nebulae are given in the circles in the
upper right corners.
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3. The nebula is situated at the end of a dark lane or system of lanes,
almost always in the densest vound expanded part. The origin of the lane or
lanes opens out into a complex system of branches or gradually fades out.

The known large nebulae around pOphiuphi(z),v Scorpii, and others
lie in lane junctions. A similar case can be seen in the structure of the

clouds south of the filamentary nebula IC 1287 (No. 92), and certain others.

Single lanes with "blind" terminals containing one nebula or even a
group are more characteristic.. We observe this in the following objects:
NGC 7023 (Catalogue No. 105), IC 5146 (Catalogue No. 114), Ced 201 (Catalogue
No. 117), and the Anonymous Nebula (Catalogue No. 118)5

Nos. 20, 25, 47, 58, 64, and others are less characteristic. They

include nebulae situated in branches or "capes" or dark clouds.

It is interesting to note that certain lanes exhibit visible lumi-

nescence over a considerable length. The causes of this phenomenon and the

probable sources are not quite clear to us. Sometimes the luminescence is more

intense in red light, including an Ha line. We cannot exclude the possibility

that such lanes are H II regions in de-excitation, of which we spoke earlier

4.-' Approximately ome-quarter of the objects in our catalogue are nebulae

seen in a region of closed clouds whose boundaries can be traced out quite re-

liably. Figure 21 gives a comparison of the magnitudes of the nebular nuclei

with the areas of the clouds (in square minutes of arc) in which they are situ-
ated. As we see, the relationship reduces to a certain scattering field of the

points with its center near m = 9 and S = 500 gsquare minutes. Assuming, as be~

fore, an average distance of 500 parsecs to the nebulae, we obtain an estimate

3

(2)

According to P.N., Kholopov, this star is the center of a T association

(3)

The general radiation field of the stars of the Galaxy may also be a
source of luminescence.

[211.
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@y Co . - of 3.5 parsecs for the average cloud diameter. This

. o result is somewhat on the low side as a result of sel-
ection. According to radio observations, the average
on ® : o ( ‘dimension is of the order of 10 parsecs [33]. However,

. " *" the same average dimension has recently been obtained

from the color excess of 4700 stars [34]. 1In certain

0 500 ®0 4503 2000 2500 3008 3500 3 . . . .
. So cases, this estimate can serve as a rough criterion

Figure 21 for judgements as to the reality of physical relation-
ships between reflection nebulae and their clouds. One

of the points in Figure 21 (which corresponds to a l4th-magnitude nucleus) is a
good example; its position deviates widely from those of the other points.. The
possibility‘is not excluded that this nebula is merely an "optical" companion
of the corresponding cloud. Such cases are, however, quite infrequent. In
general, the maximum distance at which a nucleus canbilluminate a given cloud
depends not only on the luminosity of the nucleus, but also to a substantial

degree on the shape of the dust-particle scattering indicatrix.

In principle, reflection nebulae in the form of faint agfeglgsvﬁight be
observed around certain supergiant stars at distances of 100 - 200 parsecs be-
hind absorbing clouds. However, the average size of the dust particles in
such clouds would have to be considerably larger than would follow from the
observational data, and especially from the polarimetric properties of the re-
flection nebulae. The partial polarization observed in them, which is usually
radial with respect to the nucleus, indicates a sparial relationship between
the nucleus and the dust medium of the clouds. However, the decisive argument
in favor of this proposition is, of course, the previously noted fact that the
overwhelming majority df nebulae are located within the definite boundaries of
the dark clouds identified with them on photographs. In this context, we can

see the following data that characterize the observed phenomena.
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SITUATION OF NEBULAE " NUMBER OF NEBULAE

Within cloud ' 41
On boundary of cloud ‘ | 25
Within lane , 3
On "edge' of lane ‘ 12
At end of lane ‘ 15

No apparent relation with
absorbing medium , 22

These data can be obtained directly from the sketches (Figures 3 - 10)
that accompany the catalogue. They do not imply that cases in which several
(up to ten) reflection nebulae can be counted in a single cloud are infrequent.
The picture would be substantially different in the absence of a physical rela-
tion between the objects. For example, "empty' clouds with groups of nebulae

unrelated to absorbing material beyond their boundaries would be observed.

k Certain studies refer to higher concentrations of weak variable and emis-
sion stars toward the margins of dense dark clouds [35]. As we see from the
figires (Figures 3 - 10), something similar can be discerned among the reflec-
tion nebulae. However, this trend still does not appear quite distinct. An
attempt was made to verify the reality of this phenomenon from 20 more or less
round isolated clouds that contain about 60 nebulae. The result is represented
in graphical form (Figure 22). The distance (p) of the nebula from the center

of gravity of the cloud, expressed as a fraction of the radius of the circle

~ having the same size as the cloud, was plotted against the horizontal axis, and

the number (n) of nebulae corresponding to these distances against the vertical
axis. We see that in general, n and p are linearly related; this would rather
tend to indicate accidental positioning of the nebulae within the clouds. Need-
less to say, such statistical figuring is not applicable for lane-like clouds

n

and clouds with "capes', where cases of distinct concentration of the nebulae

toward the boundaries are observed at once.
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f . ' - 5. We touched above upon the question of local

10+ e ' groups into which the complex of reflection nebulae can
| N ;//:..: . be decomposed. Here we had in mind the large-scale

'. 9//‘ ° . features of the apparent distriBution of the nebulae in
5: ,’/oe | : the Milky Way. There are few such groupings, and it

)i } may be that not all of them are genuinely real, i.e.,
’ ]

a e I ol X
- 05 woL

Figure 22

P

consist of spatially related objects.

At the same time, the tendency toward forma-—

tion of various types of groupings is indeed found to
be more common among reflection nebulae. This conclusion can be arrived at as
a result of more detailed study of objects present on the same areas of the sky
that are occupied by reflection and, less frequently, eﬁission nebulae. A sur-
- vey of our photographs and the Palomar Atlas reproductions (here, certain de-
tails are often masked by the excessive emphasis on contrast) enabled us to
- identify about 30 cases in which such a tendency appears in one Way or another.
We did not include a number of objects in the Oriomn region among them, since:
they definitely belong to known physical groupings. It should be noted that
the groupings singled out can be identified with known open clusters in only

three or four cases. The Pleiades group of .reflection nebulae must, of course,

be included here.

“"The phenomena observed in the 30 cases noted can be reduced to two basic

types:
(a) the reflecting nebula is distinctly united with a star cluster;

(b) the reflecting nebula is seen together with a close group of

minute nebulae (often with a C + E spectrum).
The distinctions between these two types are at times arbitrary, as when

a complex nebula is illuminated by a group of nuclei that compose a cluster or

when the nuclei themselves (no fewer than four) form a close grouping.

4t

T T T T e T e




At this time, we do not yet have systematic data on the properties of the
"population" making up all the groupings; nevertheless, references to relation-
ships between specific reflection nebulae and various types of peculiar stars
can.be found in certain sources. For example, about twenty flare stars have
been found in the vicinity of the nebula NGC 7023 (Catalogue No. 105) [17],
and the nebula NGC 2068 (Catalogue No. 42), which exhibits many "anomalous'
features, has no fewer than tenk”companions" in the form of Herbig-Aroult ob-

jects [36].

The Anonymous Nebula (Catalogue No. ll4)yis a typical reflection nebula
situated in thegngighbqihdod of the known emission nebula IC 5146 (which is,
_strictly sbeaking, a nebula with a composite type C + E spectrum). There are
several dozen Herbig-Aroult objects around it [37]. This entire system lies

at the end of a "blind" lane.

, NGC 1333 (Catalogue No. 12) is a typical reflection nebula illuminated by
two nuclei; a éhain of minute emission condensations appears in the vicinity.
According'to M.V. Dolidze, there is one star with emission among the objects
visible in the neighborhood of this nebula [8]. According to the same author,
emission stars are observed in the vicinities of several other reflection nebu-
lae or C + E objects. It is appropriate to note that several dozen flare stars
are members of the clusters in the Pleiades [38]. According to preliminary
data, at least half of the 30 groupings noted above may be related to various
nonstationary objects. It should be remarked in passing that variables can be
identified in the same clouds that are tenanted by 57 nebulae of the Catalogue.
~ They contain a grand total of about a hundred variables [39], many of which are
of the RWn type. The‘attraction of stars of this type to dark clouds is well
known and can, of course, be regarded as a phenomenon that is totally*indepehdf
ent of the complex of reflection nebulae. Distinct groupings of nonstationary

objects represent an exception that we shall discuss below.

. The nuclei ochertaih;féﬁiééﬁién‘énd C;+5Evhébiiéejéié&_é%ﬁibii yériabil;

ity. The most characteristic obj ects are the following:

45

e et e T O e e S b St i

e T e T S




CATALOGUE NUMBER STAR _ - TYPE

17 » RY Tau RW n

20 | AB Aur RW n

34 | N 6361 CSP ?
106 N 8645 CSP E II

Reflection Nebulae and the Relation Between Stars and Absorbing

Matter.

The question as to the nature of reflection nebulae was, as we know, first
considered by V.A. Ambartsumyan and Sh. G. Gordeladze [40]. Statistical anal~
ysis of observationa data enabled these authors to conclude that these objects
arise as a result of random association of stars of a suitable spectral claés
with dark clouds. Strictly speaking, V.A. Ambartsumyan's investigation was

concerned with solution of a more general problem — whether the association

" of stars with absorbing matter of our Galaxy is accidental or not. Reflection

nebulae can be regarded as a side effect, as a kind of indicator to the number
of. obsexrved cases of association. More than two decades have passed since pub~-
lication of these researches, and during this time the observational data in
this field have naturally been supplemented and expanded. But does this imply
that earlier notions as to the nature of the relation between the stars and the
interstellar medium must be radically revised? A discussion of this pfoblem,
which is related in one way or another to the evélution of the stars and the
interstellar medium, would be far beyond the scope of our problem. Indeed,

presently avallable data would hardly permit us to advance any generally accept-

.able conception in this area.

It will be appropriate to limit ourselves here to certain considerations
with a bearing on the relationships between reflection nebulae and dark clouds
as they would appear on the basis of their properties. Even in this formula-

tion, the problem is apparently quite complex.
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There is no reason to doubt the existence of the 'classical" reflection

nebula, which was formed by accidental penetration of a class B3-A0 star into
a dark cloud. Probably no fewer than half of the objects in the Catalogue are

nebulae of this type.. We should add that these nebulae exhibit no peculiari-
. ties as regards emission structure or relation to dark clouds and groupings of
other objects. In any event, we have no additional information that would cast

doubt upon the 'classical" origin of the nebulae of this group.

There follows a comparatively small group (about 10) of nebulae whose
situation in dark clouds contradicts the accident hypothesis to one degree or
another. These are for the most part nebulae visible at the ends of dark
lanes, and then in "capes' of large clouds. Unfortunately, it is difficult at
this time to propose any reasonable alternative mechanism that would explain
this curious effect. It may not be possible to find any single mechanism at
all, since the objects in such clouds have various physical characteristics.

-We encounter normal class B8~A0 stars, emission stars, and finally, type

RW Aur wvariable stars among them.

Each of these cases presents specific difficulties of explanation. We
might, for example, advance a purely geometrical interpretation: the nebulae
are in fact located at the bend of an L-shaped lane, one "arm" of which is
in the line of sight. However, this hypothesis is still difficult to recon-
cile with the observed structures. For the case of Ced 201 (Catalogue No. 117),
we might suspect some sort of condensation process (for example, the "mysterium"
on graphite nuclei) that took place while the star was in motion and was accom-
panied by formation of absorbing matter in the form of a "track'". Evidently,
this hypothesis will come up against numerous difficulties, foremost among
- which is the fact that it stands in contradiction to the spectral properties

of the star.

Difficulties are also encountered in attempts to use other explanations,
for example, the existence of a '"galactic wind" that compacts the frontal parts
of the clouds, explanation of the lanes as '"elephant-trunk' residues, by the

local-magnetic—field hypothesis, and so forth. Here problems arise in
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- connection with the need to explain the history by which the "lane" originated,
linking it to the prior history of the star. Other difficulties, which are to
some extent related to those just described, consist in the fact that the ob-
jects belong in different groupings. Among them, we encounter both ordinary
reflection nebulae and nebulae with luminescence and structural peculiarities.
How did_these groupings, with their preferential associations with dark clouds,
arise? It is known that not even the Pleiades are an exception to this rule
[38]. Is the relation of the groupings with the dark clouds within which they
are observed an accident? We know that some of them include nonstationary ob-
jects of the T Tauri type, as well as Herbig—Aroult objects. The genetic link
of the former with the dark clouds in which they are observed is now no longer
in doubt. However, except for a few cases, we have no data as to whether a re-
flection nebula (or similar object) is indeed some kind of physical member of

‘the grouping.

The luminescence of the nebulae often exhibits properties that are, on the
whole, difficult to reconcile with the properties of the typical reflection
nebula. However, before going into the subject of anomalies, it will be nec~-
essary to clarify what we mean by the luminescence of a typical reflection
nebula. It is usually assumed that its spectrum is basically identical to that
of the nucleus. But it is precisely this property that has the weakest obser-
vational basis. Moreover, even in the spectra of "typical" nebulae, we observe
more or less pronounéed differences from the spectra of the nuclei correspond-
ing to them. (For example, in the nebulosity surrbunding Merope; see the
article by Yu. I. Glushkov in this issue.) It might be supposed that a spec-

trum that does not resemble the reflected spectrum closely enough is character-

istic for nebulae associated with low-density clouds. Basically, these nebulae

are distinguished by very low surface brightness and present great difficulty
for spectral observations, chiefly becuase of the interference introduced by
the skyglow. In denser clouds, the surface brightness of the nebulae is, on
the average, higher, but even here the various deviations from the purely re-
flective mechanism of spectrum formation arelbeginning to make their

appearance.
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Thus, all forms of anomalies can be traced among the objects composing the

Orion complex of stars and nebulae. Here, together with the comparatively few

pure reflection nebulae, there is a more numerous group of objects with the
C + E spectrum. Their illuminating stars usually belong to the early B spec—
tral classes, although certain objects are associated with peculiar stars. of

later types and, like FU Ori, have their own peculiarities [41].

A general survey of certain normal C + E nebulae was made at one time at
the Crimean Observatory [42], and there is no need for us to go into the vari-
ous details of this question. The basic result of the work, in our opinion,
can be stated thus: the observed relationship between the C- and E~ components
in the luminescence of the nebulae is determined, apért from the spectral prop-
exties of the nucleus, by the varying proportions of gas and dust present in
" them. This conclusion is quite convincing and consistent with more detailed
observations, although certain recent studies have advanced somewhat different
reasoning concerning the gas/dust relationships in the matter of diffuse nebu-
lae [43]. To all appearances, the interest of these objects is by no means ex-
hausted by investigation of their luminescence properties alone. It is no less
imporant to know whether their luminescence depends on a random distribution of
dust and gas in the space surrounding the nucleus. We feel that this problem
has not yet been thoroughly explored. Observational data are still inadquate,
and little is known of the physical conditions in dense gas—and-dust clouds.

It should be noted that purely random causes can be assumed for the form-~
ation of the C + E spectrum in the case of the familiar nebula AE Aur, as well
as possible differences in the spatial structure of the gaseous and dust mater-
“ials [44, 45]. However, if we return to the nebulae of the Orion region, all 122
we can point to here is a certain sequence in the properties of the C + E ob-

jects that depends on the spectral class of the nucleus.

(a) The luminescent dust component of the structure is apparently
(and, very probably, spatially as well) sharply different from the corres-
ponding emission component. The density of the gas and dust is low.

IC 432 is a typical ekample. An analog of this nebula is the object
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i'BD + 8°933 (Céﬁalogue No,,ZZ),{Wbose gas,ghd dﬁéﬁ’éomponénfs are also c:\f-fa
low density. Such nebulae are illuminated by B stars of the later

classes.

(b) The internal parts of the dust and gas components of the struc-
ture differ only slightly; dust luminescence predominates in the outer
parts. Nuclei of the earlier BO-Bl spectral classes would appear to be.
characteristic for this type. In this respect, the nebulae NGC 2023 and
NGC 2068 are analogs of IC 5146.

(¢) The dust and gas components of the structure do not differ sub-
stantially over the entire area, but dust luminescence is nevertheless
noted at somewhat greater distances from the nucleus. The nebula excited.
by ¢ Orion is a typical object. This property is also discerned in the
strongly emissive nebula M8 (the Trifid). The Great Nebuia in Orion can

"also be referred to the latter case.

In these last two cases, the dust and gas densities are substantially

' higher than they were in the first. For most C + E nebulae, the radial veloci-
ties of thebnuclei and their H II regions remain unknown. Only for the Trifid
and the Great Nebula in Orion do we know that the radial velocities of the
nebula and nuclei are closely similar in absolute magnitude and of the same
sign. It is difficult to say whether the luminescence and structural peculiar-
ities noted for these nebulae reflect different stages in the evolution of their
nuclei. It may be that the homogeneity of the dust/gas mixture is determined
basically by the internal-energy store of the gas, since this quantity char-
acterizes the ability of the gas to entrain dust particles as it moves. In our
view, the questions as to how this energy depends on star spectral class and
what are the properties of the dust particles. in such nebulae have not yet been

resolved satisfactorily.

As we noted at the beginning of this sectibn, we have no basis for linking
the question as to the origin of all reflection nebulae directly with the more

general problem of the evolution of the stars and the interstellar medium.
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However, it appears to us that in certain cases the possibility of such a con~il;/
nection cannot be ignored, regardless of the viewpoint yfromVWhich we undertake
to discuss the properties of these objects. Thus, for example, we might regard
them as a source of certain additional information on the physical properties

of interstellar dust particles over and above that usually obtained from observ-

e ot A b S e G U

ations of the interstellar attenuation of starlight. It is the data obtained
from just these observations that indicate marked variations in the properties

of the absorbing matter associated with various groupings of hot stars. There

are many reports to the effect that similar phenomena are observed in small
condensations of the interstellar medium, which contains emission nebulae, open

clusters, etc. [33]. Some of them can be explained by such local factors as

é

genearal and local magnetic fields, the spiral structure, the radiation pressure
of hot stars, and the like. It is possible that the diffuse matter itself has
survived an earlier evolutionary stage in such regions of the Galaxy as the
Orion region, with its strong anomalies in the behavior of the interplanetary
dust particles. We know that the ages of the various star groupings in Orion

) 6 . . .
are estimated at ILOZ'L - 10" years, so that many young stars still retain their

‘ spatial connections with the local diffuse medium. Unfortunately, we do not

know the ages of the stars related to the reflection nebulae and kindred form-
ations that are typical for this region. We might suggest 10° years as a prob-
able figure. If the Orion objects are taken as a kind of standard for nebulae
illuminated by young stars, then what can be said of the other nebulag seen in

-dark clouds and situated in other regions of the sky?

We have already made reference at various points in our survey to certain
“interesting peculiarities of a number of nebulae that do not belong to the
Orion group. The following remark is appropriate here: all properties of the
Orion nebulae with a bearing on luminescence and structure are to some extent
- characteristic for scattered objects found in individual dark, dense clouds.
From them, we exclude such definitely peculiar nebulae as the cometaries or

those related to T Tauri stars, since it appedrs highly probable that they have

a common nature anyway. We are concerned with nebulae that are instead associ-
ated with normal stars, to the extent that this can be judged from available

data. 1In referring to structural similarity, we refer, of course, to .
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characteristic details presented by dense globules embedded in the luminescent
material of the nebula and by other dark inclusions, sectioning of the nebula

by a dense absorbing bridge, etc. Curiously enough, the similarity of structures
is sometimes very clearly manifest. Thus, for example, a small nebula (Cata-
logue No. 25) is highly similar in a number of criteria to the brightest

nebula, NGC 2068. 1In regard to luminescence, the objects under discussion form
'a sequence characterized by the same emission and continuum properties as are

observed in the nebulae of the Orion group.

- It can be calculated that for an averége.dark—cloud size of 3 - 4 parsecs
and a velocity of the nuclei with respect to the clouds on the order of
10 km/sec, the time of residence of the star in the cloud is about lO5 years.
As we have noted, it is possible that this interval is important for the Orion-
type nebulae. We feel that it would be premature to draw any serious conclus-
ions from this line of reasoning for extension to other objects, since we know
neither the properties of the ébsorbing matter in the dense clouds nor the vis-
ible characteristics of most of the stars associated with them, etc. The
analogies to which recourse must be taken, beginning with the objects in the
Orion clouds and ending with objects in other clouds, pertain for the most part
only to the "surface'" of the observed phenomena. We have repeatedly stressed
the inadquacy of such data as a means of clarifying the interaction between the
stars and the dark clouds. However, many observed cases of association between
stars and nebulae are difficult to explain simply in terms of "mechanical mix-

ing" of the stellar and diffuse matter of the Galaxy.

We suggest that nebulae that are of interest in this sense be isolated
into a special group. A program must be drawn up for further study of these

objects, and should include the following questions:

(a) Acquisition of more detailed and complete data on the spectral
properties of the nebulae and their nuciei, since the available deter-
minations of spectral classes, luminositiés, and distances are most
inadequate and often contradictory. There aré almost no spectral observ-

ations suitable for comparison of the radial velocities of the nuclei and
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the nebulae that they illuminate., Our information on the variability

and nonstationarity of many interesting objects is inadequate.

(b) Explanations must be sought for certain relationships observed

in the positions of nebulae inside dark clouds. Such a problem arises

- in comnection with the "anomalous' luminescence of nebulae situated in

st

dense dark clouds.

(¢) The nature of the groupings formed by nebulae and star clusters

associated with nebulae must be established.
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